RECOMBINATION IN BACT.COLI K 12: URI-DIRECTIONAL
TRARSYER OF GENETIC MaTERIAL.

- Pive yeers ago Lederberg and Tatuml demonstrated that when
tvo rutant strains of Bact.gold X 12 hewing double and complementary
growth faetor resulremonts vers nploted together in & bussl synthetic
mediwm, colonies appeared in the retio of one %o every 108 or 107
cells seeded, zlthough colonies did not srise by back mutation when
the matents were luted sepaerntely. Thase colonizs were
nrototrophic end similor to the wild tyse in thelr independence of
edued growth fzetors, Not only did they breed true, but it was
4180 shown thot if coeh mutant was farth@r dencted by complesentury
éifferences in churscters not selected by the besel medium (such os
fermentetive canselty for verlous carbohydrates and sensitivity or
resiotznce to spseific virus infoetion), the puttern of these
cheracters in prototroph cultures wes ususlly different from thot
in either mutent. It was clesr, therefors, thut prototroph
colonles urose from the trinsfer of genstic materizl between the
mutaats end not from complomentury exchunge of growth fuctors.
neungceseds or the Pdirected wutztion®
of aimilar mechenism in Poct.gold, growth of onme K 12 mutant in
culture filtretos of the other friled to stimulate prototroph

Unilike type trensfovmetion in Ppeunk

formstion. This, in conjunction with recent evidence for the
ocessionsl occurrence of diploid heterozygous prototrophs<, strongly

support the visw thet genetic recombination 1s modicted by the




clagssicenl mechenism of sexuxl conjug:tion., Atteupts to

raproduace the phononenon by éi&ilar technd uesg in other streins
of Buct. ¢oli snd in Jelm.typhizuriym heve fuiled, though Cevelll
snd ﬁﬁalat3suceme§gd in outecrossing K 12 mutents with & noturslly
mtritionslly exseting struln of Raob.seidl leeticd.

In the following experiments, Bugt.goll K 12 mutants 58~161,
re;uiring biotin and methlonine, end ¥ 677, requiring leueine,
thrconine snd aneurin, were ernvloyeds The aneurin rejuiresment
of ® 677 wes neutrulised by the zddition of this substince to the
bisel medium,. An sttesmpt wos mede 0 lrvestigote the 4y

of recombinution by sprecding ¢ mixture of 58161 znd : streptomycine
resictint mutznt of ¥ 677 (¢ 677/5%) on & series of plutes of
begal wedium, znd then wdding streptomyclin to each plate in turn
st different intervels cfter sesding. It wuo snticipeted that
the streptomyein would reoldly block the recoubination mechsnlsm
by insotivating S8-161, while ullowing rosistunt prototroph cells
formed prior to its addition to develop into colonizs. It was
found in prrictice that the number of pr@t&tr@gh colonles d1d not
differ grestiy whother atrastomyeln wes incorporated in the bussl
modiuws before pluting, or wes sdded up te four hours luter,

Since similar results vere obtolned when the mutznts were mixed
for the fir:st time during pleting, the occurrence of recombination
in wixtures before econtect with streptomyelin was exeluded, Elther

prototrophs sroze before the cetiom of streptomyein om the




sensitive mutant bocame sffoctive, or else those functions of the
cell zffoected by streptomyein were not involved in recombinstion.

Logarithemic phose broth cultures of 58-161 ware trested with
either 1000 or 2000 pg./ml. streptomycin, under conditions
optinul for Liotoriecidal offect, for from 4 to 18 hours, After
weshing «and concantratio ,
turbimstricully emulveleont to from 1.5 X lGB t0 4,0 X 198 ¢ells
{1.e. double the inoculum used in recombinution cxperinents)
fre-uontly proved sterile ond rurely ylelded more then 100 colonles
on mutriont cger after 72 bours ot 37°C, Nevertheless such
suspensions (58-161/5%) {nwarizcbly stimulcted prototroph formation
when zixed with ¥ 677/5F on brssl medium containing 200 ps./hlﬁ
streptonyein. The roeombinetion rete, bowever, was usuelly
 appreclebly legs, snd showed much more morked variation between
experiments than when viable, untreated 58.161 suspensions wers
used. “henever strectooyein trestment falled to produce sterility,
control reconstruction cxperiments shoved thet cbout 1000 times «s
many untrested 58-161 cells =3 those which hed survived troutment
fuiled to yleld prototrorh colonies when nixed with ¥ 677/8F
suspension under sirmiler conditions,.

¥ixtures of stroptomycinetrected ¥ 677 (¥ 677/5%) and 58-161/5F%,
on the other hand, imverlebly felled to proince prototrophs zlkhough
eomparable racomblination rastos were glvan by the sixtures
(w é??ja + 58-161) and (58-161/5%+ 7677).  In these experiments




streptomyein wias not incorporzted in the bosel nsdium since
previocus snoclysis of proven prototroshs hed shown thut .bout

95 por cent carried the 8% or 5% charzcter of ¥ §77. The
clearcut distinction between 5B8-161/8% end ¥ 677/5% in :biltty
to perticlpate in recombinction was shown to be ilndependent both
of the prosence of the 57 cherseter in the complementory mutant
and of the basal medinn enviromment. Thus (58-161/5% + = 677)
produced prototroph colonies on every occusion whether cultured
directly oh boszl medium or initielly on rutrient zger. The
mixtures (7 677/5% + s58-161), howevar, fulled to do so revestedly
on bosel medium znd, in & single experisent, vhen seeded on
mateient ager,

These findings recuire & revision of the current concept of
recomblnation, It is unliely that censitive cells which hove
been acted uson for 18 hours by very high concantrutions of
gtrestomyein are still sble to psrticipete in conjugution in
the continued presence of the drug. Moreover, if conjugation
under those conditions was possible for §8~161f$t 1t might zlso
recsonsbly be wosumed for ¥ 677/:% which 1s ecuslly sensitive to
streptomycin. Yol suspensions of the latter are inuctive to
raconbinction, It is simpler to suppose thet recosbinstion is
smedloted by genetic clements vihich sre sxtruded by the viuble
cell but remein sdherent to the cell well and which, iike wiruases,

are unzffeeted by stroptomycin, Thus the call could be regerdsd




meraly s & pessive carvier for its genetie slesments zfter their
expulsion, s function @hiah could be performed ecuunlly well by
deoed or by living cells. The incompetence of ¥ 677/5% becomes
intellizible only if we suppose that the role of ¥ 677 1is the
vitzl one of aecepting genes end incoryorsting them into its
genotic structure., It 1s possible that ¥ 677 is ulso & gene
donator but, 4f this is so0, then 58-161 is inherently incupuble
of sceapting them,

It hes roecently been shown bthot symblotic bacterial viruses
can transfer horeditary chracters to hotarologous cells which
they infeet®., It is xlso known that X 12 cerries & symbiotie
virus which is liberated {rom the cells in uppreelsble mumbers
oniy ¢fter UV irpsdiction. This virus cen infeet und lyse
meture eultures of the ¥ 12 mutunt "3% glthough young cultures
of "i® display the pecvliar property of rezisting lysias while
st1ll szbsorbing the virus®., fThe existence of & lutent virus
in 58161 has been upmzsked by Xe-rudistion (porsonsl observstion).
It seexr possible thot such o virus might be the ugent of zenotie
trensfer. The spperent restriction of the r&camﬁiﬁ@tian
phenomenon to one strain of Bagt.coll, its relatively low rate
snd the in:bility of cuiture filtrates to lnduce it, the
stiralotion of reconbination by doses of OF light too low to
incresse the mutation rataé, the compztence of streptomycin-

rstorllised? cultures of $8~161 wnd the one-way trunsfier of the




$ ""6“

genetic agent ore cll in conformity with such & concept. “ork
is now in progress to deter:ine whether flltrates of 58-161,
from which l.tent virus has been released by UV irruzdiation,
can induce prototroyh foruation im ¥ 677.
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